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Generalizedexpressionsinclosedformhavebeenobtainedbymeans
jflinearizedtheoryfortheaerodynamiccharacteristics(lift-,rollhg-
-moment-,rmment->pitthing sadhinge-moment-coefficientderivatives) due
todeflectionfinboardtrailtig-edgeflaps.Theanalysis”considers.the
effectsofMachnunbraudflapaspectratio,taper atio,andsweepfor
theconditionswheretheMachlties13ebehindtheflapleadingand
trailingedges.Thefla~configurationsa alyzedarelimitedtothe
caseofstreetwisetipswheketheforemostMachlinesfromtheflaptips
donottitersecttherootandtipchordsofthewing.Theexpressions
forthehinge-moment-coefficientderivativearelimitedtoconfigurations
wheretheflap-root-chordMachlinetiesnotintersecttheflaptipchord.
Designchartsarepresentedfortherapidestimationfthecharac-
teristicsduetoflapdeflectionforcontrolsurfacesforwhichtheMach
linesfromtheflaptipsdonotintersectonthecontrolsurface.Some
illustrativevariationsofthecharacteristicswithleading-edgesweep,
aspectratio)taperatio, andMachnumberarealsopresented.
\
The’lift-coefficientd rivativeatconstantMachnmb& isdependent
onlyonthetrailing-edgesw ep;whereasthemoment-coefficientd riva-
tivesdependon$hecompleteflapgeometry.
INTRODUCTION
. Thecharacteristicsofcontrolsurfacesatsupersonicspeedshave “
beenextensivelyinvestigatedbymeansoflinearizedtheory.Reference1
presentsthefundamentalsofthecontrol-surfaceproblem;whereasa pro-
w cedureforobtainingsolutionsforgeneralconfigurationswa .givenin
reference2. Anotherinvestigation,reference3$presentsdetailed
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analysesofspecializedplanforms.Thepresentpaperpresentsthe
effectsofsweep,aspectratio,taper atio>=d ~ch n@er onme
lift-,rolling-moment-,pitching-moment-,andhinge-moment-coefficient.
derivativesofinboardtrailing-edgeflapsatsupersonicspeeds.The
analysiscoversa rangeofMachnuuibersinwhichtheleadingand
trailingedgesofthecoqtrolsurfaces=e supersonic( omponentof‘
free-stresmMachnumbernormaltotheleadingandtrailingedgesis
greaterthan1). Theplenformsconsideredhavesfiesmwisetips,and
thelocationoftheflaponthewingis13mitedtocaseswherethefore-
mostMachlinesfromtheflaptipsdonottitersecttherootandtip
chordsofthewing.Theanalysisfortheh~e-moment-coefficient
derivativewaslimitedtoconfigurationswheretheflap-root-chordMach
linedoesnotintersecttheflaptipchord.
Theresultsofthetheoreticalanalysis,thelift,rolltig—moment,
pitching-moment,a dhinge-momentcharacteristicsduetoflapdeflection,
arepresentedinclosed-formequationsa functionsofsweep>taper
ratio,aspectratio,andMachntier. Designchartshavebeenpresented
whichpermitherapidestimationftheflapcharacteristicsfora wide
varietyofconfigurations.Someillustrativevariationsoftheflap
characteristicsw thsweepback,aspectratio,taper atio~ ud M* n~-
berarepresentedforrepresentativeconfigurations.
SYMBOLS
Free-stresmconditions:
~
wing
b
Cr
velocity
Machnuniber
# 1
massdensityofair
.
()dynamicpressire*V2
.geometry:
root
. .
.
chord
---- ----
. . -. -— ----
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Ct
h
E
A
s
3
tipchord
taperatio(et/cr)
averagechord(*r(l+ x))
l
leading-edgestiep,degrees
area
Control-surfacegeometry:
bf Spsn
Cf~ rootchord
cft tipchord
Af taperatio(~tl~r)
Ef averagechord((*fr 1
Cf‘ root-mean-squarechord
*1 leading-edgesweep,degrees
A2 tra313ng-edgesw ep,degrees
ml= cotAl
ma= cotA2
q t= ml~
%2’= %$
% area
.
Af aspectratio(1)bf2&
4’ =%$
5 deflectiona gleinstresmdirection,radians
.
.
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coordinatesofsystemofaxeswithoriginat
edgeofcontrol-surface”root”chord
‘a) Ya Cartesiancoordinatesofsystemofaxeswith.originat
leading-edgeofcontrol-surfacetipchord
z,f coordinatesofcent&r“of13ft.ofinfiniteshnal
. lifttriangle
-1x normaldistancefromcenterofliftof
lifttriangle“tohingeline
infinitesimal
.
Forceendmoments:“
L
L’
M’
H
CL
c~
cm
ch
Ap
lift
rollingrmnent
pitchingmoment
hingemment
liftcoefficient(L/qSf)
rolling-*t coefficient(L’/@f%)
t coefficientpitcldng—momen (Mi/qbf#)
hinge-momentcoefficient(4@f@f’)9 ‘.
pressuredifferentialexistingacrossurfacesof
flapplate
Analysisparameters: ‘
$x horizontalperturbationvelocity
areaofintegration
.
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Slibscript:
5
.
5“ referstopartial.derivativeofeachcoefficientwith
respecto 6;for&smple, a (CL)c~=~
ANALYSIS
&SE”- Theanalysisisbasedonthe-solutionofthelinearized
equationforsteadysupersonicflow.Theresultsme mid fora
rangeofsupersonicspeedsinwhichthecomponentsofthefree-stream
velocitynormaltotheleadingandtrailingedgesaresupersonic.
(Hereinafterhese dgesarereferredtoassupersonicleadiugand
trailingedges.) Inaddition,theMachllnesfromthetipsofthe
controlsurfaceareassumednottointersecttherootandtip&ords
ofthewing.(Seefig.1.)
Withintheftistorderthederivativeshavethesamevaluesinthe
stsbility systemasinthebody-axessystem.
r
Derivationfformulasfor ~, CZ5, ~, ~d %5=- ~ order
.
toetiuatethederivativesC%, CZa, c~~ ~d ~~ itiS=-S=Y
tointegrateovertheappropriateareasthepressurescausedbythedis-
turbancesinducedbythedeflectedflap,whichwithinthelimitsofthe
linearizedtheorymaybetreatedasa flatplate.Thus,thederiva-
tiveCLa isobtainedby integratingAp/q-overtheareasupporting
theliftforcesandthentakingthederivativeoftheliftcoefficient
withrespecto 6. Similaxl.y,tiemomentderivativesareobtainedby
consideringtherespectivemomentsduetotheliftsovertheproper
areas.Sincetheliftssndmomentsvarylinearlywithrespecto 8,
, “thedesfiedquantitiesmaybeexpres?edasfollms:
I
m ~,C%=*” --&
(1)
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6wheretheintegrationforthefirsthree
regions(OABandO’B’C’offig.2)onthe
characteristics
wingsup~rting
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includesthe
thelifts
in&cedby thetiterferencebetweenthecontrolsurfaceandthewing.
Theinducedliftsontheseregionscontributenohingemomentand,hence,
arenotincludedinthederivationf ~=
Pressuredistributions.-Thepressureclifferentialacrossthesur-
faceofa deflectedflatplateis-
(2)
where @x isthepaurbationv-city fitiex-~ection=me Pres-
suredistributionsforthecontrolsurfaces,whichcanbetreatedas
liftingwingsoffiniteaspectratio,wereobtainedwiththeuseofthe
methodsofreferences4 and5. Thedeflectedflapwassuperposedona
wingatzerosingleofattack.(Seereference1 andfig.1 ofpresent
paper.) Thecontrolsurfaceisshowninfigure2 isolatedfromthe
wing.SincetheforemostMachLinesfromthetipsofthecontrolsurface
intersectthetrailingedgeoftheadjacentwing(fig.1),thedis-
turbanceswithintherootandtipMachconesareshilar,andthedis-
cussionmaybelhitedtoeitherone.
Whenthecontrolsurfaceisdeflectedwithrespectothewingat
zeroangleofattack,aninterferencebetweentheiingandflaptsKes,
placewithintheMachconewithitsapexat@nt O offigure2. The
gapbetweenthedeflectedflapandthe-g isassumedtobesealed
completely;therefore,onestiaceiS wev=ted from~fect- tie
other.Thepressuredistributionsmaybeobtainedinthemannerof
reference4 or5 andarepresentedintable1.
Theconicalformoftheequationsfor Ap/q6suggeststheuseof
polartitegrationforobtainingthecharacteristics.Thederivation
of C- isgivenintheappendixasanexsmpleofthisuseofpolar
integration;illustrativedatafortheintegrationaregiveninfigure2:
control-surfaceparameters.-Theeqressionsforthecontributions
()
Cf’2
ofeachregion(fig.1)to W%, i%zbjW%) ~d — ~secAl~
%
arepresentedh tablesIItoV,respectively.Thefolloiringexpressions
areforthedeflectionfoneflapwhentheforemostMachlinesfrom@e
tipsoftheflapareassumedtotntersectthetrailingedgeofthe
adjacenttig surface:
(3)
.-.,
.
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Ct+ i3(cz5)m (4)
~,+p (%) (5)w
()~2PsecAlChb‘[p‘ecA1(%5)OBC +p‘ecA1(%5)OtA1131+
(6)
Therolling-mcmlent-andpitching—moment-coefficientderivatives
havebeenobtained~outtheaxesofa Ctiesiancqortiatesystem
I.ocatedattheleadingedgeoftherootchordoftheflap(fig.2)and
maybetransferredtoanyconvenientreferenceaxesby
wheretheasteriskedcharacteristicsinequations
tisnsferredquantities,and.x and Y represent
(7)
the
(7)
(8)
and(8) refertothe
horizontalnd
—
verticaldistancesbetweenthepresentaxessndthedesiredones.
Thequantitiesinequations(3)to (6) weremadenondimensionalby
theuseofcontrol-surfaceparameters.Equations(3)to (5)maybe
definedh termsofwingparameterswiththeuseofthefollowing
equations:
%
—=
s
?+% .
%E-
%%=
i%
bfcfrl+~
———
b cr 1 -I-A (9)
!#%JpJ” (n)
. .... . -- .--— .— .—— . ...—.— . —-— —.-.— .. ——-—— —— ---- - ---
—— ---.-. --
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whereequations(3) to (5) aremultipliedbyeqyations(9)to (1.1),
respectively.Thearea Sf istheareaofoneflapaud S -isthe
entireareaofthewing.
*
. DISCUSSION-
.
Generalizedexpressionsb closedform,whichwereobtainedby
meem oflinesmizedtheory,arepresentedYorthecharacteristicsof
deflected~fiboardtrailing~@econtrolsurfacesBCL8,i3CZ5,%,
and ()
%?’‘secAl ~ intablesIItoV,respectively.Thecontrol
,~
surfaceshavearbitrarysweep,aspectratio,andtaperaudtheMach
linesarebehindthecontrol-surfaceleadingandtrailingedges.The
~essions forthehinge—moment-coefficientparametera ellmitedto
configurationswheretheroot-chordMachlinetieshotintersectthe
flaptipchord,thatis, ml’Z 1 Designchartsexe
1- 2%”
Af’(1+ @ .
presentedinfigures3 to14forconfigurationswheretheMachlines
fromthecontrol-surfacetipsdonotintersectontheflap.,Inthe
vicinityofthesonicleadingedge(~ cotAl= 1), llc~,Pc2~)
and ~~ havefinitevalueswhich~creasewithtaperatioaudbecome
infiniteforanuntaperedmnfiguration.Thelargevaluesassociated
withtheless-taperedconfigurations.areattributedtothelargelift
carry-overregionwhichoccursforthewing-flap‘configurationswhich
arewithinthescopeofthepresentpaper.we psrsmeterp% and,
hence,j3CZ8and ~~ becomehfiniteforconfigurationshav5ng
sonictratingedges($ cot& = 1) sincetheliftcarry-overregion
becomesinf~te. Sincethecarry-overregionsonactuqlconfigurations
aresmall,thelergevaluesof j3C~,BCZb,and 13C%predictedin
thevicinityofthesonicleadingandtraillngedgeswillnotbe
realized.Thehinge-moment-co-efficientparsmeterremainsfinitefor
bothsonicleadingandtrailingedgessincetheliftcarry-overregions
donotcontributeanyhingemoment.
Figure3 presentsthevariationf f3CL8wfth1~cotA21.The
natureof ~~ (dependentonlyon p cotA2) isduetotheinter-
ferenceonthecontrolsurface(reference1). No leakageisassumed .,
tooccurthroughthegapbetweenthewingandthecontrolsurface.The
lossinliftwithinthetipMachconeontheflapisreduced;whereas
,
.
‘-——’—— ‘- “Ti -,”--”= -. --— —----- . ——— —.. . ..—.
... .
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aninducedlfltissupported
inducedld.ftco~ensatesthe
Thesolutionfor P%
9
withinthe Mach
lossoflifton
coneonthewing.The
untaperedflaps–only.
asa functionof ~ cotA2 maybemore
easilyobtainedfromequation.(1)byintegratingthevelocitypotential
evaluatedatthetrailingedgeinthemannerofreference6.
Figures4 to6 presenthe.yariationsf the ro~ing-moment-,
pitching-moment-, andhinge-moment-coefficientparameters,w2& l%l&/cmA2
()~ ‘psecAl Chb,respectively,with P cot
of Af@ and Xf.
FiguresU to14givesomeillustrative
*
()%ll&md 22~ %8, respectively,tithwch
leading-edgesweep,andtaperatio.
CONCLUDINGREMARKS
Al forseveralfsmilies
variationsof CL62 cz&
nuiber,aspectratio,
G&ral.izedexpressionsh closedformhavebeenobtainedbymeans
oflinearizedtheoryfortheaerodynamiccharacteristicsduetodeflec-
tionofinboardtrailing-edgeflaps.Theanalysisconsiderstheeffects
ofMachnuniberandflapaspectratio,taper atio,andsweepforthe
conditionswheretheMachlinesliebehindtheflapleadingandtrailing
edges.Theflapconfigurationsa alyzedarelimitedtothecaseof
stresmwisetipswheretheforemostMachlinesfromtheflaptipsdonot
intersecttherootandtipahordsofthewing.The~essions forthe
hinge-moment-coefficientderivativearelimitedtocotiigurationswhere
theflap-root-chordMachltiedoesnotintersecttheflaptipchord.
Designchartsarepresentedfortherapidestfitionoftheaero-
dynamicharacteristicsduetoflapdeflectionforcotiigurationsfor
whichtheMachlinesfromtheflaptipsdonotintersectonthecontrol
surface.SomeWh&ative variationsofthecharacteristicswith
leading-edgesweep,aspectratio,ta~iratio,andMachnwiberarealso
presented.
Thelift-coefficientd rivativeatconstantMachnmiberisdependent
onlyonthetrai3dng-edgesw ep;whereasthe
dependonthecompleteflapgeometry.
moment-coefficientd rivatives
,
.
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Thegeneral~ressionsandcurveswereexpressedintermsof
control-surfacep rameters;fommil.as’aregivenforconvertingall
characteristicstowingparametersl .
LangleyAeronauticalL boratory
NationalAdvisoryCommittee“forAeronautics
Langleyh ForceBase,Va.,August7,1950
.
.
.
.
c
.
.- -.. .-— ----- ---- —.
.. --”-. .. . .
NACATN2205 u
AmENImx
&
.
,
DETAILSOFFOUR INTEGRATION;DERIVATIONF (&
ASAt?lKMll?IE“
Thepitching-momentderivative@ isderivedbypolartitegra-
tionasanexsmpleofthemannerinwhichthecharacteristicsdueto
flapdeflectionwereobtained.
0
Theliftonsninfinitesimaltriangle(fig.2)isassumedtobe
\
constant;hereforethecenterofpressure(orli$’t)islocatedat
where
t = PYT.
The areaoftheinfinitedmaltriangle
(IS’=$Mly=
.
maybeshowntobe
&?dt2$
Iftheeqyationofthetrailingedgeiswrittenas
Y
thenwiththeuseofequation
Hence,
(=m2x- )Cfr
.
(Al)
(A2)
(m)
(A4)
(A2)thefollowingequation&n bewritten:
%2’Cfr
x =—
*’-t
() 22m2’ Cfrds’= dt2j3 [9 1- t)a
.
.
,
(A5)
(A6)
—. —.— . ..- -.-— .-. . ----- -. --.---— ____
. -- —-’ -------’ .-— ---—- -“-- --—- -. .
12
Themoment arms ofanypoint(x,y)ormy ~ue
pitchingmoment,~ forrolllngmoment,and 21
Thesemomentarms,writtenintermsof t,are
.%2’‘fr
.-
x=
3(n12’- t)
~ . %’cfr” t
T-
NACA‘I’ll
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(A7)
(A8)
.
0
(A9)
wheretheequations(Al)to (A9)refertotheregionOAC.Theequations
forregionO‘AtC~areobtainedbyreplacingt by ta intherespective
equations,where
PYat~=—%3 (Am)
.
Thepitch~-momentcoefficientinregionOAC,givengenerallyb eqpa-
tion(1)ofthetext,is
(AIL)
hnl’(m2’)3cfr3
/: ~
1
~-. :( )
3
%%= ‘Os-l1- ‘l’tat (A12)
3Yc&%lZfSfml’)2 w’-t ml’ -t,
.
.
.— . ... —-—— .- -—— -— ———.
. .
.
-. .
,
.
Integrationby partB giveB
?
‘~l;(m2’)3
[
COEJ-1~-
W-W3)OAC =
33uif‘(1 + a.f)q~l (q - .)2 +
.
J.
1 - m2’t
1}1
1 - ml’t
~~-1 ~fi-1
t-%?’ t - IUII
. J=F= - ~-l
-1
1
-11- q’t 1[(%’):-] Bill —-—~ 3/2 t-llp’ ml’ + q’
(Au)
The correspadlngformulaafor the regionO‘A~C’may be
(A14)
obtainedin the Bmte manner or by
eimplychanging the eignsof qt and qi ad invertingthe taperratio in the formulaefor
the regionOAC. When ml? or m2’ is negati~e}the negativeaqwre roots 6houldbe ueed.
G
14
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TABLEI.-GENEEWIZEDFORMULASFOR Ap/q DISTRIBUTIOIVS
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“%’(1+%e)hlm=[&]- w%hAc
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OIA,C9
I
2(m’)3
Af’p)p -iJ3/2
m
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(m’)2
1
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TABIEIII..mmALImDFumuM2FoRw% .
1,1v Al —__o MachI.llles
/
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A
B
x
%
Regicm
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M5rq‘
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(*W(1+4+$)-T]
Umtaperd;-m’+ m
(m’)%m’+ 4)OAc
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m
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OAc l/3(Af’ )2
OIAICB
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L2-—
.
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m
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Figurs1.-~ical configurationofwingwithcontrol surface.
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Zxx’=~
X=-PY
t=-1 111 ‘,/ xd//A
Figure2.- Illuatrativedata for polar integration.
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Figure5.- Continued.
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Figure5.- Concluded.
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